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y = f(x)
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(x ≥ 0)
{©¬
(y ≥ 0)
{©¬
(x · y = 0)
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0 ≤ x ⊥ y ≥ 0
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(iD,−vD)
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w = M · z + q
0 ≤ w ⊥ z ≥ 0²%Âxzh
w, z, q ∈ Rn
²%h©l*~zl
z ≥ 0
k´l{©w@xzh©Ix
zi ≥ 0 ∀i ∈ {1 · · ·n}
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−vD = RiD − E
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\Ix·©~6wyxÁc{jl
*|j¨¬ex~zvxw¨³lqxhjl-¨{jlQ~%lQa|©Ixz®X{­xzhjlÐCÑ5BXww|jkm®{©
xzh©Ix%xzhjl¬[R¬jl-w=lQÂxzhjl*~U¶©¨®[6«l¬
M
iD = 0
O ~0©wzw{j M
vD = 0
O ¯ "B®xh
n
¬[®[¬[lw{ *®~6#|j®xQÁCxzhjlÐÑ5 w
­<w Ql
n
{©¬ºxhjl
{R|jk0¶lQ~ª­xlQwxzw5w?xzhjl*{
2n
¯Å{­¸#xQÁa[xz®km!Qx{xzhjl*X~v´h©w5j~zI³R¬[l¬m¨~z®xhjkwÅxzh©Ix@|©wlUx
w¨³lqxh©lÐCÑ5Fk
|©6h­¸wxlQ~SM¸wl*l Ñ55t$La O ¯
g=hjlJÐCÑ5 Q{:¨w»¶Ol½©j¨®lQ¬Bx»km[¬[l*¨Mkm~zl¿#Xkmj¨®l*¼F6h~64xzl*~zwx*wQ¯ jX~e{©wyx6{©*lÁ
{Rv©®l#l*²%wl
¨®{jl~M­µ|j{©#x{J*{½¶l´km[¬[l*¨¨®l¬¿XwqÐCÑ5 M¸wl*l  Ð q L    O ¯ j~M{©wyx6{©*lÁ¨l#x  w
*{©w¬[l*~@xh©l­µ|j{©4xz®X{!­Å0~zlQ¨³I~z¶j¨®lq¼M C®X|j~l¯  O \
y = f(x) =
{
a1 · x + b
®­
x < 0
a2 · x + b
®­
x ≥ 0
Ïx<Q{!¨wm¶Ol-²%~®xxzl*{Àw=ÐCÑ5F©~zkml#xlQ~!*l¬¶Rv¼[\
y = a2 · x + (a2 − a1) · z + b
M¸©¯ O
w = z + x
M¸©¯Ø O
0 ≤ w ⊥ z ≥ 0
Mµ¯  O
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y = a1x + b
y = a2x + b
C|j~zl©¯Ø$\?lQ*l*²%wl¨®{jl~=­µ|j{4x{
©~l6h
x
ÁCxh©lewX¨®|jx{Ã­=xh©leÐCÑ5 M¸©¯Ø O {¬ M¸©¯  O vRl*¨¬jw
z = −x
Â­
x < 0
{©¬
z = 0
®­
x ≥ 0
¯Åg=hjl-³I¨|jl­
y
Q{xhjlQ{À¶l-#Xkmj|[xl¬¯
g=hjlX¬[³I{axzl­qxhjlÀkmj¨®#®x­µX~k,­MÃjlQ*l*²%wl!¨®{©lQ~mkm[¬[l*¨qjOlQ~{jJ²%hjl*{F®xw
²%~z®xxlQ{wUeÐCÑ5Bw%xhIx<®xMQ{À¶OlkmÂ¼[lQ¬!²%®xh¿{j{­µ|j{©#x{©¨)~zl*¨Ixz®X{©w%¨®«Xl-xhjl
¬[l¨C¬[®[¬[l
km[¬[lQ¨åÁ[xzhjl¨¶©¨cwv[wxlQk ¶lQ®{©wX¨®³XlQ¬²%®xhÀÐÑ5F¨®X~zÂxzhjkw*¯
o<Àxxzh©IxMX®{axÁ²@lh©Ý³Xl-j~lwlQ{axlQ¬xzhjl0ÐÑ5F­µ~zk
|j¨Ixz®X{wUxR¨)xekm[¬[lQ¨{¬ÀwX¨®³Xl
kmj¨*ÂxC~lQ¨x{©w¶Ol#xy²@l*lQ{³I~z¶j¨lQwQ¯ "Bhjl*{
{jl?²={ax6wxq{©¨®v *l?xhjl5¶lQh©Ý³R®X~c­j{
l*¨lQ4xz~X{j
*®~6#|©ÂxÁcÂx-w{jlQ*lQwzw~v!xz!®{ax~z[¬[|©*l´¬[vR{©kmQw®{½xhjl¬jlQwz#~z®[xz®X{©wQÁ¨®l¬[{jx!#X{©w¬[lQ~M{©{[Ç
wkmRxhJ¬[vR{©km*¨?wv[wxl*kwQ¯0g=hjlwx|©¬jv­?xzhjlQwlwv[wxlQkmw-wxz~xzlQ¬¿hjwxX~*¨®¨v!®{Jxzhjl´·©l*¨¬¿­
kml6h©{j*w M pÀX~zX  {©¬ @~ LL O ¯
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"Jl²%¨®¨wl*l{jI² hjI² xek´[¬[lQ¨cxzhjl0UÐÑ^R *®~6#|©Âx<­ |©~l0j¯ mXwU{jX{[ÇwkmRxzh¬[vR{©km*¨
wv[wyxzl*k{©¬!hjI² ®xq*{À¶l
wk
|j¨IxzlQ¬xh©{j«[w%xze{À¬jlQa|©Ixzlxkml#ÇÏ®{axlQ~6Ixz®X{kml#xzhj[¬{¬
ÐÑ5BwX¨®³Xl*~¯
"Jl·©~6wyxU~zl*²%~zÂxzl<xzhjl5~z6hjh©±¨Ý²Uw]\
vL = vC
vR + vD = vC
iC + iL + iR = 0
iR = iD
²%h©®¨lMxhjl-¶j~6{6h*{©wx®x|[xz®³XllQa|©Ixz®X{©w@­µ~%¨{jlQ~U¬[l*³R#lQw%~l\
iC = Cv
′
C
vL = Li
′
L
vR = RiR
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{©¬!¨wxUxhjl 4¶j~6{©6hÀ*{©wx®x|[xz®³XllQa|©x{ M­xhjl0¬[l¨C¬[®[¬[lxh©x<w<{jkm~zl
{ÀlQa|©Ixz®X{
¶©|[xU®{wyxzlQ¬m#Xk´©¨®lQk´lQ{axz~z®xyve#X{©¬[®x{ \
0 ≤ iD ⊥ −vD ≥ 0
¹ ­ÆxlQ~U~l~z~z{j{j-xzhjl-j~zl*³R|©w@lQa|©x{©wQÁ[²@lMX¶[xz®{*\
(
v′L
i′L
)
=
(
0 −1
C
1
L
0
)
·
(
vL
iL
)
+
(
−1
C
0
)
· iD
"Jl-{Xxz~[¬[|#l-mwyx6Ixl³I~z¶j¨l
x
{©¬{jl-­)xzhjl#Xk´©¨®lQk´lQ{axz~zv³I~z¶j¨lQw
λ
\
x =
(
vL
iL
)
{©¬
λ = iDg=h©lM{j®x¨)*{©¬jÂxz®X{­xzhjlwv[wxlQk wU³l*{¶Rv\
 g=hjl-{jÂxz¨c³I¨|jl­Cxhjl-{©¬[|4xX~%³X¨Âx6l vL = x01 g=hjl-{jÂxz¨c³I¨|jl­Cxhjl-{©¬[|4xX~U#|j~z~zl*{ax iL = x02UlQ~z~6{jX®{j
­µ|j~xhjlQ~=xhjl-{j®x¨)wl#x%­lQa|©x{©w=vRl*¨¬jwH\
−vD =
(
−1 0
)
·
(
vL
iL
)
+ RiD
Xw<e¨®{jlQ~<~zl*¨Ixz®X{À¶l*xy²5lQl*{Àxzhjl0wxzxl
³I~¶j¨l
x
{©¬!xzhjlm#kmj¨l*kmlQ{Xx6~zve³I~z¶j¨lQw
λ
{©¬
y²%®xh
y = −vD
¯
g=hjl*kmj¨l*kml*{ax6~zÂxyv*{©¬[®x{~zlQw|j¨Âxz®{©0­µ~zk xhjl-¬[l¨c¬[[¬[l-6h©~6#xl*~zwyxzqw=²%~z®xxlQ{ \
0 ≤ iD ⊥ −vD ≥ 0"B®xhxzhjl-lQ{jl*~6¨\{jxzIxz®X{
x, λ, y
xzhjlwvRwxlQk w=²%~®xxzl*{ \
x′ = A · x + B · λ
M¸©¯  O
y = C · x + D · λ
M¸©¯Ø O
0 ≤ y ⊥ λ ≥ 0
Mµ¯  O
²%®xh
A, B, C, D
kIx~z#lQw%*{©wxz{ax=I³Xl*~@xkml¯
g=hjlMxzhjl*X~v­{jX{[ÇwkmRxzh¬[vR{©k´*¨wv[wxl*kw=j~zI³R¬jlQw5®{axlQ~6Ixz®X{xl6hj{ja|jlQw@xzh©Ix%h©Ý³Xl
¶Ol*lQ{®kmj¨l*kmlQ{XxzlQ¬m{xh©lqtRÑ%MnMt´w­Æxy²=~zl@xX¶[xz®{mxzhjlU~zlQw|j¨Âx6wÅ­ C|j~zl%©¯ ²%hj6hwhjI²Uw
¨we*km©~wX{À²%ÂxzhÀxh©l0~zlQw|j¨®xzwU­ªtRªÑ  w®k0|j¨xX~Q¯<g=h©l´¬[[¬[l
|wl¬À®{JtR?Ñ  wk
|[Ç
¨Ixz®X{!h©¬Àmxzhj~zlQwhj¨¬­?~z|j{¬©¯ j  
Á©xhjwUxzhj~zlQwhj¨¬²@XwU¨wwk
|j¨IxzlQ¬!²%®xh¿tRÑ%Mnt
xzh©{©«Rw?x
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capacitor voltage , SPICE   TRAP 1us
capacitor voltage , SICONOS TRAP 1us
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inductor current , SPICE   TRAP 1us
inductor current , SICONOS TRAP 1us
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diode voltage , SPICE   TRAP 1us
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A
time in s
diode current , SPICE   TRAP 1us
diode current , SICONOS TRAP 1us
C®X|j~l¯\Åt[?Ñ
:
{©¬!tRÑ%Mntwk
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¹ ¨Âxx¨l!¶jÂxkmX~l!#Xk´©¨®l*¼»l#¼jkmj¨l!²@Xw0w®k0|j¨Ixl¬[\!Jw{a|wX¬j¨5³X¨®xzl!w|j©j¨®vº©~I³R¬[®{©
lQ{jl*~zv¿x¿!~zlQwwyxz~-xzhj~X|jhºÀ½¬[®[¬[lw¶j~z¬[lm­µ|j¨¨®Ç]²=Ý³l~zlQ#x®·©l*~-·¨Âxzl*~zlQ¬Ã²%®xh Q©X#®xX~
MåwlQl |©~l©¯  O ¯
iDR1
iDF1
iDR2
iDF2
vR  
Cfilt
iR
E(t)
C|j~zl©¯  \ C®¨®xlQ~l¬­µ|j¨®¨®ÇÏ²@Ý³Xlq~zlQ#x®·©l*~
g=hjl0·©X|j~lwU¯ ÁO¯ {©¬©¯ KwhjI²²%h©IxMh©©lQ{©w<²%®xh¿xhjltR?Ñ  ¨X~®xh©kmw<²%hjl*{¿xhjl
xz®kmlwxl*ÃwM­µ~6#l¬ÀxÀ hj®Xh½³I¨®|jl  M¸hjl*~zl
10µ
w O \qxhjltRªÑ  wk
|j¨Ixz~-wl*l*kwqxÀ*{R³lQ~Xl
¶©|[x%xhjl-~zlQw|j¨®xzw%~lMl*~z~X{jl*X|©w@²%hj¨®lxzhjl-{j{jÇÏwkmaxhjj~zXX6hej~zI³R¬jlQw=Q#|j~6Ixzlq~zlQw|j¨®xzwQ¯
g=hjl´·©X|j~zlQwq©¯   {¬©¯ LwhjI² #Xkm©~zw{À¶Ol#xy²@l*lQ{JtRªÑ  ~zlQw|j¨®xzwq²%ÂxzhJexkmlwyxzl*¿­
0.1µ
wÅ{©¬tRÑ%Mnt~zlQw|j¨®xzwÅ²%®xhm~zlQwl4x³lQ¨®vxk´lqwyxzl*©wÅ­
2µ
wÅ{©¬
1µ
wQ¯g=hjl
2µ
w~zlQw|j¨Âx6w?~zl
¨®~zlQX¬[v³l*~zvÀ#¨Xwlxz!tRªÑ  X{jlQwQÁ²%hjl*~zlQXw<x
1µ
wqxzhjl´¬jÂ±\l*~zl*{©*lQw~zl0¨®kmawyxM|j{j{jx#lQ¶j¨lÁ
²%h©l*~zlQw=0­¸#xX~%­5´w%a{jlQ¬e{xh©lxk´lwxlQc¯
g=hjlwlÀ~zlQw|j¨®xzww|jXlQwxmxh©x²%Âxzh:ºwk¨®¨%{R|jk0¶lQ~­-wyxzÂ± #Xk´O{©l*{axzw{Bº#~z*|j®xQÁ@xhjl
*{R³lQ~Xl*{©*l­<xhjlÀnUlQ²=xX{[ÇÏ<jh©w{Ä¨~z®xhjkGwm¨~l¬[vÃk´~l¬Á?l*³Xl*{ÄÂ­wlQ³l*~6¨5x~z6«Rw
²@l*~zlm¬j¬[l¬¿{JxhjltRªÑ  w­Æxy²@~l
x!hjl*¨ÃÂx¯"Bhjl*{Jxh©l®{axlQ~6Ixz®X{Àxkml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εr SiO2 = 3.9
tOX = 20 nm
µ = 750 cm2.V −1.s−1
W = 1 µm
L = 1 µm
VT = 1 V
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PWL model solved by LCP
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C|j~zl=©¯QwhjI²UwCxhjlU*km©~wX{
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Ids = f(Vgs,Vds) PWL model solved by LCP
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Ids = f(Vgs,Vds) PWL model solved by LCP
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g=h©l¬[lQw®X{Ã­=®{axlQ~6IxzlQ¬J#~z*|jÂx6w#X{axz{j{j!km®¨¨®{w­@x~6{wwyxz~6w{©¬ÃI±\lQ#xl¬Ã¶avJ{©¨®X
l*±Ol4x6w~lX|©®~zlQw{jl*²¾lQ{jl*~6Ixz®X{­5xk´l*ÇÏ¬jk{Jwk
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km[¬[lQ¨wQ¯
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